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 expectation (really an interim target).  This should lead to increased taxa richness over time and
 accounts
for natural variability of the tidal regime/flow/flooding in the watershed:
 
Expect at minimum one taxa increase over a 5 year average.
 
3.  Set targets based on physical parameters (e.g., increased water circulation, better sediment
 characterisitics)
 
4.  Review the taxa richness of multiple Socal estuaries and average the taxa richness number, set that
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ABSTRACT


MALIBU LAGOON RESTORATION 



& ENHANCEMENT PLAN (MLR&EP) EVALUATION



by



Connie G. Yu



The Malibu Lagoon Restoration & Enhancement Plan (MLR&EP) is designed to improve the existing conditions of the highly impaired water body—Malibu Lagoon.  Water quality is very poor based on the both water quality criteria and in comparisons to other lagoons, as it has at least double the concentration of pollutants. The goal of this project is to evaluate the MLR&EP to determine the level of effectiveness in restoring the Malibu Lagoon by verifying if Phase I of the MLR&EP has been successful by analyzing the change in volume and pollutant loads of runoff and Phase II which was initially scheduled to being in June 2011, by comparing to similar restoration efforts of other lagoons. Phase I (completed in 2008) included the installation of permeable pavement and bio-swale, which resulting in a 75% runoff volume reduction and a mean decrease in pollutant load of 98% (copper, lead, zinc, TSS, TPH-Diesel). Phase II will include construction work to the lagoon itself in order to improve lagoon configuration, thereby increasing water circulation within the lagoon. The water circulation might not be as effective as expected because MLR&EP proposes to have the lagoon mouth open and close naturally instead of open continuously. However, more research is needed to ensure the effectiveness in improving the water circulation when a lagoon mouth is closed. The restoration efforts proposed in the MLR&EP are very similar to the other proposed lagoon restoration plans (Colorado Lagoon, Ballona Wetlands, and Buena Vista Lagoon) and the successful restoration in Batiquitos Lagoon and San Dieguito Lagoon. Based on the literature analysis, the proposed restoration efforts in the MLR&EP (exclude having the lagoon mouth open and close naturally) have been proven to expect in achieving a high level of effectiveness in restoring the habitat conditions and the water quality conditions in Malibu Lagoon.  
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CHAPTER 1



Introduction



1.1 Project Background


Southern California has lost over 95% of its historical costal wetlands due to significant urban development that has also limited coastal wetland creation and restoration opportunities (Shifting Baseline, 2011; Jones & Stokes, 2006; Moffatt & Nichol, 2005). Malibu Lagoon represents a unique opportunity to restore a valuable coastal wetland. It is a critical habitat for the federally endangered tidewater goby and southern steelhead trout, home to a diversity of shorebirds and is a major stop over on the Pacific Flyway for migratory birds (Shifting Baseline, 2011; Jones & Stokes, 2006; Moffatt & Nichol, 2005). However, increasing urban development and decades of soil dumping have cause a dramatic loss of species (Shifting Baseline, 2011; Jones & Stokes, 2006; Moffatt & Nichol, 2005). Benthic species such as crabs, shrimps, clams and other invertebrates that are a main component of the food chain for many fish and birds cannot survive the unhealthy conditions on the bottom of the Malibu Lagoon (Shifting Baseline, 2011; 2NDNATURE, 2010). Degraded by nutrient and bacteria pollution, as well as excessive sedimentation, these problems are exacerbated by poor circulation within the Malibu Lagoon’s boundaries (Shifting Baseline, 2011; Jones & Stokes, 2006; Moffatt & Nichol, 2005; 2NDNATURE, 2010). Due to low flushing, fine sediments build up in the tidal channels and they have adhered with excess nutrients that cause algae blooms, which resulted in eutrophication (Shifting Baseline, 2011; Jones & Stokes, 2006; Moffatt & Nichol, 2005; 2NDNATURE, 2010). Eutrophication can be natural or caused by nutrient enrichment from anthropogenic activities. Currently, Malibu Lagoon shows elevated concentration levels in the biologically-available nutrients such as Nitrogen Oxide (NOx), and Ammonium (NH4) (Moffatt &Nichol, 2005; 2NDNATURE, 2010). The excess algae consume the dissolved oxygen as they decompose, reducing the dissolved oxygen levels below what is needed for survival of plants and animals in the lagoon. Ultimately, these organisms die due to lack of oxygen.



Malibu Lagoon is listed as an impaired water body under Clean Water Act (CWA) 303(d) List (Moffatt & Nichol, 2005; Jones & Stokes, 2006). An impaired water body is a water body (i.e., stream reaches, lakes, water body segments) with chronic or recurring monitored violations of the applicable numeric and/ or narrative water quality criteria (U.S. EPA, 2010); as a result, the state is required to establish a Total Maximum Daily Load (TMDL) for each pollutant listed in the water body (Moffatt & Nichol, 2005; U.S. EPA, 2008; County of Los Angeles Department of Public Works, 2006). Total Daily Maximum Load (TMDL) is defined as the maximum pollutant load that a water body can receive while still able to meet the water quality standard (U.S. EPA, 2008; County of Los Angeles Department of Public Works, 2006). Malibu Lagoon is listed as impaired for benthic impacts, pathogens, nutrients/eutrophication, swimming restriction, and shellfish harvesting advisory (California Resource Agency, 1997; Jones & Stokes, 2006; Moffatt & Nichol, 2005). 


The Clean Water Act (CWA) is the primary federal law in the United States that governs water pollution. As a way to help monitor progress toward the goals of CWA, states are required to submit water quality assessment of their rivers, lakes, and estuaries every 2 years. The CWA authorizes states to set their own water quality standards which comply with the “fishable and swimmable” goals of the Act to maintain the beneficial use of the water bodies (Masters, G. and Ela, W. 2008). The beneficial uses of water bodies such as supporting the ecosystem and public recreational uses are the ultimate goals of protecting and achieving high water quality.


Malibu Lagoon has experienced major changes in recent history due to nearby development and other human activities (Jones & Stokes, 2006; Moffatt & Nichol, 2005). Since 1929, Malibu Lagoon had been used as a dump site for fill material by Cal Trans during the construction of the Pacific Coast Highway (PCH).  By the late 1970’s the site was completely filled and housed two baseball fields (Jones & Stokes, 2006; Moffatt & Nichol, 2005). The impact from the previous constructions caused the loss of native species and the increasing urban runoff resulted in excessive nutrient levels. As a result, Malibu Lagoon was restored by the California Department of Parks and Recreation (DPR) in 1983 (Jones & Stokes, 2006; Moffatt & Nichol, 2005). The restoration included the creation and re-vegetation of three channels with native salt marsh plants, as well as the construction of boardwalks to allow public access (Jones & Stokes, 2006; Moffatt & Nichol, 2005).  In 1996, another restoration effort was support by the California Department of Transportation (DOT) to mitigate the Malibu Lagoon/PCH bridge replacement. The DOT restoration project was mainly focused on the enhancement of a tidewater goby (fish species) habitat, and re-vegetation of native species (i.e. California bunchgrasses) while removing the non-native plant species (i.e. Myoporum, black mustard, and hottentot fig) from the lagoon (Jones & Stokes, 2006; Moffatt & Nichol, 2005). Although the Malibu Lagoon was restored twice in the past, the heavy urban development in the lagoon’s watershed caused the ecological viability and health to decline continually. 


1.2 Malibu Lagoon Restoration & Enhancement Plan (MLR&EP)



In response to the degraded conditions of the Malibu Lagoon, the California Department of Parks and Recreation (DPR), the Resource Conservation District of Santa Monica Mountains (RCDSMM), and the California State Coastal Conservancy, with input from the Lagoon Restoration Working Group (LRWG) and the Lagoon Technical Advisory Committee (LTAC), are proposing a restoration and enhancement plan for Malibu Lagoon within Malibu Lagoon State Park (Jones & Stokes, 2006; Moffatt & Nichol, 2005). The main purpose of the Malibu Lagoon Restoration & Enhancement Plan (MLR&EP) is “to decrease runoff from surrounding sources into the lagoon to improve its water quality and decrease eutrophication, increase circulation of water during open and closed conditions, restore habitat by re-establishing suitable soil conditions and native plant species and removing non-native species, and relocate existing parking lot to increase habitat size and eliminate polluted runoff to the lagoon” (Moffatt & Nichol, 2005).  Five different alternatives were proposed, and can be found in the Malibu Lagoon Restoration Feasibility Study Final Alternatives Analysis (Jones & Stokes, 2006; Moffatt & Nichol, 2005), Alternative 1.5 was the chosen restoration design for the lagoon because it is expected to most readily achieve the goals of the restoration while introducing the least amount of impact to the existing lagoon ecosystem. Major components in the chosen alternatives plan, described in details by Moffatt & Nichol (2005) are listed below:



Phase I (Completed in April 2008)



1)  The exiting parking lot was relocated to increase habitat acreage usage for restoration. Best Management Practices (BPs) such as permeable pavement (Figure 1, Appendix) and bio-swales (Figure 2, Appendix) were installed in the new parking lot to control and treat storm water runoff .The existing parking lot relocation was designed to increase habitat acreage usage for restoration while maintaining the same numbers of parking spaces. The new parking lot and the staging areas were constructed with Best Management Practices (BMPs) to control runoff such as installing permeable pavement, appropriate native vegetation, and bio-swales. 


Phase II (Proposing)



1) The western edge of the main lagoon will be reconfigured in the form of naturalized slope to separate the main lagoon and the west channel system.



2) A new avian island will be created along the bank of the Adamson House grounds to provide more mudflat habitat areas for the avian species in Malibu Lagoon.


3) The three existing channels will be combined to create one single channel to improve water circulation within the lagoon.


1.3 Project Goals and Contribution



The MLR&EP is a $7-million plan that is funded by California State Coastal Conservancy and California State Department of Parks and Recreation to improve water quality and biodiversity at Malibu Lagoon, initially stated to start in June 2011. However, the Wetlands Defense Fund, Access for All and the Coastal Law Enforcement Action Network sued the state Coastal Commission to stop the restoration plan due to its overly mechanic work that will destroy the existing habitat such as damaging the aquatic vegetation and fish. On May 26, 2011, Judge Ernest Goldsmith put a halt on the Malibu Lagoon restoration project (MLR&EP), where the starting date of the MLR&EP is unknown but will be move it to at least a year from today (Barboza, T., 2011). Therefore, an evaluation of the MLR&EP is important to determine how and if the restoration efforts will function, before expensive construction begins.


The overall goal of the project is:



· Evaluate the Malibu Lagoon Restoration & Enhancement Plan (MLR&EP) to determine the likelihood of success in restoring the lagoon



· Verify if Phase I of the MLR&EP has been effective by analyzing the change in volume and pollutant concentration of runoff.



· Compare the current water quality conditions of the Malibu Lagoon to pre-restoration data from restored lagoons 



· Ascertain the possibility that water quality conditions will improve if restoration efforts used in other lagoons are implemented in Malibu Lagoon



· Compare and contrast the restoration efforts used in other lagoons, and establish if conditions are in place in the Malibu lagoon that would lead to successful restoration.


CHAPTER 2



Method



2.1 Study Area



The city of Malibu, California has a population of 12,575 citizens; it is famous for its sandy beaches that are well known for surfing and recreational activities.  Malibu Lagoon occupies 31 acres of the coastal land in the city of Malibu, which is located at the mouth of the Malibu Creek watershed, the second largest watershed draining into the Santa Monica Bay (Jones & Stokes, 2006; Moffatt & Nichol, 2005) (Figure 1). 



[image: image1.png]


Figure 1 – Location of Malibu Lagoon. Source: Malibu Lagoon Restoration and Enhancement Final EIR (Adapted from Moffatt & Nichol, 2005).


The MLR&EP is divided into two phases. Phase I was completed in April 2008, which relocated the parking area to the north and west to be adjacent to Pacific Coast Highway (PCH) (Jones & Stokes, 2006; Moffatt & Nichol, 2005). The relocation of the parking lot resulted in a smaller footprint in the restored Malibu Lagoon (new-PL) parking lot for allowing more than one acre of additional habitat on the project site (Figure 2).



[image: image2.png]


Figure 2 – Phase I of the MLR&EP was to relocate the parking lot and installed bio-swales and permeable pavement to control storm water runoff. A) Aerial view of Malibu Lagoon before Phase I. B) The construction work during Phase I such as (in this image) installing a bio-swale in the parking lot. C) Aerial view of Malibu Lagoon after completion of Phase I. Source: Modified from Santa Monica Bay Restoration Commission.



The new-PL also created three distinct sub-areas (A1, A2, and A3) with different materials, storage capacities and treatment practices (2NDNATURE, 2010). Sub-Area A1 included runoff from a portion of PCH and the concrete driveway and turnaround area, which directed runoff to the bio-swales and drain in the middle of the concrete turnaround areas (Figure 3). Sub-Area A2 included runoff from the sidewalk along PCH and the northern half of the new shale parking lot, which directed runoff to the bio-swales and drain in the middle of the shale parking lot (Figure 3). Sub-Area A3 included runoff from the southern half of the new shale parking lot, portions of the decomposed granite walking trail, and areas adjacent to the bio-swale (Figure 3) (2NDNATURE, 2010).
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Figure 3 – The Malibu Lagoon restored parking lot showing the different subsections. Area in grey is the tributary area, where the diagonal lines show treatment area in the Malibu Lagoon parking lot. Source: 2NDNATURE, 2010


2.2 Methodology


Evaluation process will include the calculation of the pollutant removal efficiency and runoff volume treatment efficiency between the new Malibu Lagoon parking lot and the pre-restoration one (Phase I), and the comparison of the restoration efforts that are proposed in restoring the water quality and habitat conditions of the Malibu Lagoon with the lagoons that have already been restored or have similar characteristics as Malibu Lagoon. Before restoration, Malibu Lagoon parking lot had 100% impervious surface with no on-site treatment or storage capability. There is no runoff and water quality data available for the pre-restoration for Phase I, therefore 2NDNATURE selected the Malibu pier parking lot (old-PL) to be used as a proxy to collect data from the same storm events as the Malibu Lagoon restored parking lot (new-PL) in order to make comparison between the old-PL and new-PL. Reasons being that Malibu pier parking lot is in close proximity (0.5 miles) and has a similar catchment size (0.82 acres) to the new-PL (0.89 acres), most importantly, Malibu Pier parking lot has the very similar characteristics (impervious surface and no on-site treatment) as the pre-restoration Malibu Lagoon parking lot (2NDNATURE, 2010). Water quality monitoring and runoff data for both parking lots was provided by 2NDNATURE for storm events from October 2007 to December 2008 (Table 1 in Appendix). With the data provided, a visual comparison for the runoff volume between the two parking lots will be established to show the percentage reduction after completion of Phase I. Also, the concentrations of key pollutants (copper, zinc, lead, TSS, and TPH-Diesel) will be used to determine changes in the water quality. 


The water quality and biological conditions of the Malibu Lagoon will be evaluated by comparing its baseline data (pre-monitoring data prior to the restoration of Malibu Lagoon that was prepared by 2NDNATURE) to the data from Batiquitos Lagoon (pre- and post-monitoring data) and the recommended water quality criteria. The recommended water quality criteria are based on the Water Quality Control Plan for the Los Angeles Region (Basin Plan, 1994).  Based on the literature research and water quality criteria (Table 1), a categorization system of impairments was developed so as to determine the level of impairment of Malibu Lagoon. The impairment ranges used here are the same ones used for the national coastal condition assessment (National Coastal Condition Report II. U.S. EPA, 2004), but they do not necessarily reflect water quality for California. However, they are used here because specific impairment ranges have not yet been established for these indicators in California (California Water Boards, 2006). The constituents used for comparison are Nitrite (NO2), Ammonia (NH4), Total Phosphorus (TP), Chlorophyll a and Dissolved Oxygen (DO).


Table 1 – The water quality and the biological conditions of the Malibu Lagoon are compared with the recommended values and the impairment range. The recommended water quality criteria are based on the Water Quality Control Plan for the Los Angeles Region and the impairment range are the same one used for the national coastal condition assessment. SW= Surface water, BW= Bottom water.


			Constituents


			Units


			Recommended Values


			Range of Impairment





			


			


			


			Excellent


			Moderate


			Poor





			NO2 SW


			μg/L


			1000


			<499


			500-1000


			>1001





			NO2 BW


			μg/L


			1000


			<499


			500-1000


			>1001





			NH4 SW


			μg/L


			25


			0.0-19


			20-39


			>40





			NH4 BW


			μg/L


			25


			0.0-19


			20-39


			>40





			TP SW


			μg/L


			100


			<9


			10-100


			>101





			TP BW


			μg/L


			100


			<9


			10-100


			>101





			Chlorophyll a SW


			μg/L


			20*


			<4.9


			5.0-20


			>21





			Chlorophyll a BW


			μg/L


			20*


			<4.9


			5.0-20


			>21





			DO


			mg/L


			7


			>6


			3-5


			<2








* Recommended values used for the national coastal condition



A comparison of the restoration efforts of the MLR&EP with similar lagoon restoration projects in the Southern California region can only be done qualitatively as there will be no data available until the completion of the project. It is important to determine the restoration effectiveness that is possible of the water quality and biological conditions in Malibu Lagoon. Five different lagoon restoration plans were selected for comparison based on their similar restoration efforts in achieving similar goals as the Malibu Lagoon. Lagoon restoration selected for comparison are Buena Vista Lagoon (sedimentation, nutrients and water circulation) (Everest, 2004), San Dieguito Lagoon (sedimentation and water circulation) (Southern California Edison Company, 2005), Batiquitos Lagoon (siltation, water circulation and benthic communities) (Merkel & Associates, 2009), Ballona Lagoon (loss of native species, water circulation) (Philip Williams & Associates, 2008), and Colorado Lagoon (water circulation and contaminated sediments) (LSA Associates, 2008). The identified restoration efforts in the MLR&EP to improve water quality are:



· Use of permeable pavement



· Installation of bio-swales



· Redirection of storm water



· Enhancement in water circulation and tidal flushing by excavation to open lagoon mouth



The identified restoration efforts to improve habitat conditions are:



· Slope and sediment type restoration



· Topsoil and sediment salvage and management



· Restoration Planting and Natural Establishment



· Restoration and creation of the nesting site



· Maintain unvegetated habitat areas



The advantages and the disadvantages of these restoration efforts will be analyzed using literature. Along with the literature analysis, the comparison of these restoration efforts between the MLR&EP and the other five lagoon restoration plans (Batiquitos Lagoon, Buena Vista Lagoon, Colorado Lagoon, Ballona Wetlands, and San Dieguito Lagoon) will be used to determine the level of success in Malibu Lagoon after restoration.


CHAPTER 3



Result and Discussion



3.1 Phase I Performance 


The monitoring data was provided by 2NDNATURE for both the old-PL and new-PL. Data was collected for precipitation events from September through February WY08, and the two events in early WY09 (Table 1 in Appendix). The two storm events that were monitored in WY09 showed that Sub-Areas A2 or A3 of the restored parking lot did not generate any runoff, while Sub-Area A1 generated runoff following only 0.4” or more of rainfall in 24 hours (2NDNATURE, 2010). Malibu Pier parking lot generated runoff when precipitation exceeds 0.1” in 24 hour. A comparison was done to determine if any reduction in runoff volume occurred. All runoff volumes from the new-PL were lower than from the old-PL (Figure 4). The mean runoff volume percentage difference in the new-PL was calculated to be approximately 75% when comparing to the old-PL (Table 2). Using the data provided, the treatment efficiency was calculated with the results being that copper (Cu) decreased by 97.3%, lead (Pb) decreased by 99.4%, zinc (Zn) decreased by 99.5%, TSS decreased by 98.9%, and TPH-Diesel decreased by 97.2% (Table 3). The overall mean reduction in pollutant loads from the new-PL was approximately 98.0%. 
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Figure 4 – Monitoring data collected for the Malibu Pier parking and the restored Malibu Lagoon parking lot during WY 08 to WY09. The “old” Malibu parking lot has a mean runoff of  2663.0 ft3,with a mean of  1981.0 ft3 average treated runoff, resulting in a treatment efficiency of 75%. 



Table 2 – Runoff volume for different storm events, at both parking lots, showing percent difference (Column C / column A). The mean percentage difference was estimated to be 75%.


			Date


			Runoff Volume (ft3)






			Percent difference D





			


			Old-PLA


			New-PLB


			Treated and Stored in Bio-swale C


			





			10/12/07


			4127


			3805


			2952


			-71.5





			11/30/07


			2705


			2494


			2107


			-77.9





			12/17/07


			367


			338


			338


			-92.1





			12/18/07


			4815


			4439


			3361


			-69.8





			12/19/07


			550


			507


			507


			-92.2





			12/20/07


			275


			254


			254


			-92.4





			1/4/08


			4769


			4396


			3333


			-69.9





			1/5/08


			1330


			1226


			1226


			-92.2





			1/6/08


			3256


			3001


			2434


			-74.8





			1/7/08


			229


			211


			211


			-92.1





			1/22/08


			1238


			1141


			1141


			-92.2





			1/23/08


			3760


			3466


			2734


			-72.7





			1/24/08


			4310


			3974


			3061


			-71.0





			1/25/08


			3393


			3128


			2516


			-74.2





			1/26/08


			3944


			3636


			2844


			-72.1





			1/27/08


			4677


			4312


			3279


			-70.1





			1/28/08


			734


			676


			676


			-92.1





			2/3/08


			3393


			3128


			2516


			-74.2





			2/20/08


			688


			634


			634


			-92.2





			2/21/08


			825


			761


			761


			-92.2





			2/22/08


			1284


			1184


			1184


			-92.2





			2/23/08


			1742


			1606


			1535


			-88.1





			2/24/08


			3852


			3551


			2789


			-72.4





			11/26/08


			3439


			3171


			2544


			-74.0





			12/5/08


			6878


			6341


			4587


			-66.7








Table 3 – Pollutant loads for different storm events, at both parking lots, showing percent difference (Column A/column B). The mean percent difference for each pollutant load were calculated: Cu=97.3%, Pb=99.4%, Zn=99.5%, TSS=98.9%, and TPH-Diesel=97.2%.


			Date


			Pollutant Loads 


			Percent Difference





			


			Cu (g)


			Pb (g)


			Zn (g)


			TSS (g)


			TPH-Diesel (kg)


			





			


			Old A


			New B


			Old A


			New B


			Old A


			New B


			Old A


			New B


			Old A


			New B


			Cu


			Pb


			Zn


			TSS


			TPH-Diesel





			10/12/07


			8.1


			0.39


			2.2


			0.02


			37


			0.36


			16


			0.34


			35


			1.7


			95.2


			99.1


			99.0


			97.9


			95.1





			11/30/07


			5.3


			0.18


			1.5


			0.01


			25


			0.16


			11


			0.15


			23


			0.79


			96.6


			99.3


			99.4


			98.6


			96.6





			12/17/07


			0.7


			0


			0.2


			0


			3.3


			0


			1.5


			0


			3.1


			0


			100.0


			100.0


			100.0


			100.0


			100.0





			12/18/07


			9.4


			0.49


			2.6


			0.03


			44


			0.46


			19


			0.43


			41


			2.2


			94.8


			98.8


			99.0


			97.7


			94.6





			12/19/07


			1.1


			0


			0.3


			0


			5


			0


			2.2


			0


			4.7


			0


			100.0


			100.0


			100.0


			100.0


			100.0





			12/20/07


			0.5


			0


			0.1


			0


			2.5


			0


			1.1


			0


			2.3


			0


			100.0


			100.0


			100.0


			100.0


			100.0





			1/4/08


			9.3


			0.48


			2.6


			0.03


			43


			0.45


			19


			0.42


			41


			2.2


			94.8


			98.8


			99.0


			97.8


			94.6





			1/5/08


			2.6


			0


			0.7


			0


			12


			0


			5.3


			0


			11


			0


			100.0


			100.0


			100.0


			100.0


			100.0





			1/6/08


			6.4


			0.26


			1.8


			0.02


			30


			0.24


			13


			0.22


			28


			1.7


			95.9


			98.9


			99.2


			98.3


			93.9





			1/7/08


			0.4


			0


			0.1


			0


			2.1


			0


			0.9


			0


			1.9


			0


			100.0


			100.0


			100.0


			100.0


			100.0





			1/22/08


			2.4


			0


			0.7


			0


			11


			0


			4.9


			0


			11


			0


			100.0


			100.0


			100.0


			100.0


			100.0





			1/23/08


			7.3


			0.33


			2


			0.02


			34


			0.31


			15


			0.29


			32


			1.5


			95.5


			99.0


			99.1


			98.1


			95.3





			1/24/08


			8.4


			0.41


			2.3


			0.03


			39


			0.39


			17


			0.36


			37


			1.9


			95.1


			98.7


			99.0


			97.9


			94.9





			1/25/08


			6.6


			0.28


			1.8


			0.02


			31


			0.26


			13


			0.24


			29


			1.3


			95.8


			98.9


			99.2


			98.2


			95.5





			1/26/08


			7.7


			0.36


			2.1


			0.02


			36


			0.34


			16


			0.31


			34


			1.6


			95.3


			99.0


			99.1


			98.1


			95.3





			1/27/08


			9.1


			0.47


			2.5


			0.03


			42


			0.44


			19


			0.41


			40


			2.1


			94.8


			98.8


			99.0


			97.8


			94.8





			1/28/08


			1.4


			0


			0.4


			0


			6.6


			0


			2.9


			0


			6.2


			0


			100.0


			100.0


			100.0


			100.0


			100.0





			2/3/08


			6.6


			0.28


			1.8


			0.02


			31


			0.26


			13


			0.24


			29


			1.3


			95.8


			98.9


			99.2


			98.2


			95.5





			2/20/08


			1.3


			0


			0.4


			0


			6.2


			0


			2.7


			0


			5.8


			0


			100.0


			100.0


			100.0


			100.0


			100.0





			2/21/08


			1.6


			0


			0.4


			0


			7.5


			0


			3.3


			0


			7


			0


			100.0


			100.0


			100.0


			100.0


			100.0





			2/22/08


			2.5


			0


			0.7


			0


			12


			0


			5.1


			0


			11


			0


			100.0


			100.0


			100.0


			100.0


			100.0





			2/23/08


			3.4


			0.03


			0.9


			0


			16


			0.03


			6.9


			0.03


			15


			0.14


			99.1


			100.0


			99.8


			99.6


			99.1





			2/24/08


			7.5


			0.35


			2.1


			0.02


			35


			0.32


			15


			0.3


			33


			1.6


			95.3


			99.0


			99.1


			98.0


			95.2





			11/26/08


			6.7


			0.28


			1.8


			0.02


			31


			0.27


			14


			0.25


			29


			1.3


			95.8


			98.9


			99.1


			98.2


			95.5





			12/5/08


			12


			0.79


			3.7


			0.05


			62


			0.74


			27


			0.69


			58


			3.6


			93.4


			98.6


			98.8


			97.4


			93.8





			MEAN


			97.3


			99.4


			99.5


			98.9


			97.2








3.2 Phase I Performance Analysis



The installation of bio-swales have been proposed to use in restoring Colorado Lagoon and Buena Vista Lagoon, and have been used in the restoration of San Dieguito Lagoon (Table 5). No data is available for San Dieguito Lagoon because the restoration was just completed on March 2011 and the monitoring plan has not been started yet.  A study in King County, Washington, showed that treatment efficiencies for bio-swales have been documented to be 60-90% removal of TSS, 21-91% removal of metals, and 7.5 to more than 80% removal of total phosphorous (Clary, J., 2008, Mazer, G., 2000). However, the effectiveness of bio-swales is reduced during large storms and wet years (Ackerman, D., and Stein, E.D., 2008) because the persistent, multiday inundation limits the growth of grasses seeded in bio-swales (Ackerman, D. and Stein, E.D., 2008, Clary, J., 2008, Mazer, G., 2000). More than that, several other factors that can cause the poor performance of the bio-swales include improper installation, poor soil, and large fluctuation in surface water depth and soil moisture (Mazer, G., 2000). Regular maintenance of bio-swales, such as mowing to remove dissolved pollutants that captured by vegetations, is highly recommended (Mazer, G., 2000, Ackerman, D. and Stein, E.D., 2008). 


In this study although the bio-swales installed in the Sub-Area A1 were not as effective as proposed (storage capacity is approximately 500 ft3), bio-swales in Sub-Areas A2 and A3 were assumed to be as effective as designed to capture, treat, and infiltrate up to 3.2 inches of rainfall in a 24-hour period (total of 8,000 ft3 storage capacity). Based on WY09 field observations, only Sub-Area A1 generated runoff following only 0.4” of rainfall. According to the MLRMP Baseline Conditions Report, the poor performance of the bio-swale in the Sub-Area A1 is due to soil compaction so runoff backs up and flows out of the perforated outlet pipe (2NDNATURE, 2010).  As a result, after installing the bio-swales the data showed a mean decrease of 98% in pollutant loads and a mean runoff volume reduction of 75%, establishing that bio-swales are very effective in controlling and reducing storm water runoff into the Malibu Lagoon. 



The use of permeable pavement has been used in other Southern California coastal wetland restoration projects such as San Dieguito Lagoon and Ballona Wetlands (Table 5).  However, no data is available for both the San Dieguito Lagoon and Ballona Wetlands. Recent studies on the use of permeable pavement with respect to both runoff reduction and water quality improvement have found positive results (Bean, E.Z., 2004; Hunt, W., 2006). This technique is very popular in North Carolina where many of the permeable lots have been tested by the N.C. State University researchers and found to reduce annual runoff volume by at least 60% (Hunt, W.F. and Szpir, L.L., 2006). A study by Dr. Robert Pitt et al. (1999) found that the average infiltration rate of grassed urban sandy lawns in Birmingham, Alabama, was 6.35 cm/h, where 76% of the permeable pavement testing sites at North Carolina had infiltration rates (7.4 cm/h) at least as good as grass (6.35 cm/h) (Hunt, W.F. and Bean, E.Z., 2006). In other word, permeable pavement behaved as they were 100% grass (Hunt, W.F. and Bean, E.Z., 2006). Pratt (1995) has found that the disadvantage of the permeable pavement is the fine particles accumulation in void spaces that will cause clogging to occur (Bean, E.Z., 2004; Hunt, W., 2006). But clogging can be limited by regular maintenance, such as vacuum sweeper or high pressure washing (Bean, E.Z., 2004; Hunt, W., 2006). The installation of permeable pavements can also be very cost effective as they can function for up to 20 years (Hunt, W.F. and Szpir, L.L., 2006) when regularly maintained. A survey of 48 permeable pavement sites in North Carolina and other Mid-Atlantic states found that clogging in this type of pavement is less likely to occur (Hunt, W.F. and Szpir, L.L., 2006). From the information above, it is reliable to state that the use of permeable pavement in the parking lot is expected to be very effective in reducing the amount of storm water runoff in the Malibu Lagoon, which agrees with the monitoring data showing that 75% runoff volume was capture and treat in the Malibu Lagoon restored parking lot. Using the provided monitoring data, it was determined that the Malibu Lagoon restored parking lot shows a high level of effectiveness after restoration with the permeable pavement.


3.3 Water Quality Condition



The water quality and biological conditions of the Malibu Lagoon were evaluated by comparing its baseline data (pre-monitoring data prior to the restoration of Malibu Lagoon that is provided by 2NDNATURE) to similar aquatic systems and the recommended water quality criteria. These recommended water quality criteria are the recommended values for the water bodies in the Los Angeles Region to achieve high water quality conditions (Water Quality Control Plan), which are highly reflective to Malibu Lagoon. A categorization system of impairments was developed based on the values used for the national coastal condition assessment (National Coastal Condition Report II, U.S. EPA)  (Table 4). The level of impairment of Malibu Lagoon was determined by comparing to the categorization system of impairments. The pre- and post-restoration data was also obtained from Batiquitos Lagoon. This data provided a reference to estimate and predict the expectation of the Malibu Lagoon reduction percentages of the pollutants after restoration. 



Table 4 showed that Malibu Lagoon has NO2 concentration of 1,150 μg/L in surface water, which exceed the recommend value of 1000 μg/L of NO2, and falls in the impairment range that marks it as poor (>1001 μg/L). On the other hand, Malibu Lagoon has a NO2 concentration of 721 μg/L in bottom water, which falls within the range to categorize it as a moderate impairment (500-1000 μg/L). Ammonia (NH4) concentrations in Malibu Lagoon surface water (145 μg/L) and bottom water (112 μg/L) that are at least six times greater than the recommended value of 25 μg/L and falls into the impairment range that marks it as poor (Table 4). Malibu Lagoon has total phosphorous concentrations in the surface water (491 μg/L) that exceed the recommended value (100 μg/L) by at least four factors, which falls within the range (>101 μg/L) to categorize it as a poor impairment. Total phosphorous concentration in the bottom water is similar to the surface water, as shown in Table 4. Malibu Lagoon has Chlorophyll a concentrations in the surface water (52.7 μg/L) and bottom water (124 μg/L) exceed the recommended value of 20 μg/L and higher than the concentration that marks as poor (>21 μg/L) in the impairment range (Table 4). Malibu Lagoon has a very low dissolved oxygen (DO) concentration (<1 mg/L), which is lower than the recommended value of 7 mg/L needed to sustain benthic flora and fauna, and falls in the impairment range that marks it as poor (Table 4).


Table 4 – The water quality and the biological conditions of the Malibu Lagoon are compared with the recommended values. All concentrations from the Malibu Lagoon exceed the recommended values fall into the impairment range that mark them as poor. SW=Surface water, BW=Bottom water


			Constituents


			Units


			Recommended Values


			Range of Impairment


			Malibu Lagoon Baseline Conditions





			


			


			


			Excellent


			Moderate


			Poor


			





			NO2 SW


			μg/L


			1000


			<499


			500-1000


			>1001


			1,150





			NO2 BW


			μg/L


			1000


			<499


			500-1000


			>1001


			721





			NH4 SW


			μg/L


			25


			0.0-19


			20-39


			>40


			145





			NH4 BW


			μg/L


			25


			0.0-19


			20-39


			>40


			112





			TP SW


			μg/L


			100


			<9


			10-100


			>101


			491





			TP BW


			μg/L


			100


			<9


			10-100


			>101


			445





			Chlorophyll a SW


			μg/L


			20*


			<4.9


			5.0-20


			>21


			52.7





			Chlorophyll a BW


			μg/L


			20*


			<4.9


			5.0-20


			>21


			124





			DO


			mg/L


			7


			>6


			3-5


			<2


			<1








* Recommended values used for the national coastal condition



Malibu Lagoon has total phosphorous concentrations in the surface water (491 μg/L) and bottom water (445 μg/L) that are slightly exceed the pre-restoration maximum concentration (400 μg/L) in the Batiquitos Lagoon (Figure 5). Chlorophyll a concentration in the Malibu surface water is twice the minimum concentration (29 μg/L) from the pre-restoration Batiquitos Lagoon, while the Chlorophyll a concentration in the bottom water (124 μg/L) is higher than the maximum concentration (84 μg/L) from the pre-restoration Batiquitos Lagoon (Figure 6). Malibu Lagoon has Dissolved Oxygen concentrations of less than 1 μg/L, which is lower than the maximum pre-restoration concentration (3.18 mg/L) from the Batiquitos Lagoon (Figure 7). Most of the baseline data for the water quality in the Malibu Lagoon shows very high concentration levels in nutrients, Chlorophyll a, and low dissolved oxygen, which exceed many of the maximum reference concentrations from the Batiquitos Lagoon, as well as the recommended values.


[image: image5.png]


Figure 5 – Pre-restoration data from Batiquitos Lagoon showed a maximum Total Phosphorous (TP) concentration of 400 μg/L, after restoration the concentrations decreased  almost to  the recommended value of 100 μg/L in the years. Malibu Lagoon showed very high TP concentrations in both of the surface water and bottom water. 



[image: image6.png] 


Figure 6 – Pre-restoration data from Batiquitos Lagoon showed a maximum Chlorophyll a concentration of 84 μg/L, which was then reduced 20 μg/L the year after restoration. Malibu Lagoon showed very Chlorophyll a concentrations in both of the surface water and bottom water.


[image: image7.png]


Figure 7 – Pre-restoration data from Batiquitos Lagoon showed a very low Dissolved Oxygen (DO) concentration of 3.18 mg/L, which was then increased to concentrations that were above the recommended value of 5 mg/L after restoration. Malibu Lagoon has a very low DO level of less than 1 mg/L.



One of the key elements in the evaluation process of the MLR&EP is the comparison to other lagoon restoration plans. The objectives and restoration efforts of other lagoons restoration plan’s are identified in the Table 2a-2e in the Appendix. The comparison of the water quality restoration efforts (Table 5) and habitat restoration efforts (Table 6) are summarized below:


Table 5 – Types of water quality restoration efforts among selected coastal lagoons in California.



			                  Restoration         



                     Efforts



Lagoons    


			Use of permeable pavement


			Installation of bio-swales


			Redirection of Storm Water


			Enhancement in water circulation*


			Project Status





			Malibu Lagoon


			


			


			


			


			Phase I- completed Phase II -  N/A





			Buena Vista Lagoon


			


			


			


			


			Under Review





			San Dieguito Lagoon


			


			


			


			


			Completed 3/2011





			Batiquitos Lagoon


			


			


			


			


			Completed:



10 yr Monitoring





			Ballona Wetlands


			


			


			


			


			On-going





			Colorado Lagoon


			


			


			


			


			Under Review








* By excavation to open the lagoon mouth



Table 6. Habitat restoration efforts comparison among selected coastal lagoons in California 


			                Restoration



                        Efforts



     Lagoons    


			Slope and Sediment Type Restoration


			Topsoil and Sediment Salvage and Management


			Restoration Planting and Natural Establishment


			Restoration and creation of the nesting site


			Maintain Unvegetated Habitat Areas





			Malibu Lagoon


			


			


			


			


			





			Buena Vista Lagoon


			


			


			


			


			





			San Dieguito Lagoon


			


			


			


			


			





			Batiquitos Lagoon


			


			


			


			


			





			Ballona Wetlands


			


			


			


			


			





			Colorado Lagoon


			


			


			


			


			








All five of the lagoon restoration plans, including the MLR&EP, restored water quality by increasing the water circulation within the lagoons (Table 5). Buena Vista Lagoon, San Dieguito Lagoon, and Colorado Lagoon have similar restoration effort as Malibu Lagoon to control storm water runoff by installing bio-swales (Table 5). Installation of permeable pavements is the common restoration effort in the Malibu Lagoon, San Dieguito Lagoon, and Ballona Wetlands (Table 5). In comparing the habitat restoration efforts, all six of the lagoons consist of restoration planting and natural establishment/recruitment, restoration and creation of the nesting site (Table 6). All five of the lagoons, except Batiquitos Lagoon, are considering the slope and sediment type in restoring the habitat conditions (Table 6). With exception of the Colorado Lagoon, the other five lagoons include the topsoil and sediment salvage and management (Table 6).



Malibu Lagoon has both the NO2 and TP values that fall in the impairment range designated as poor, which support the 303 (d) listing of nutrients as critical pollutants in Malibu Lagoon. To maintain water circulation within the lagoon is an important project objective in the lagoon restoration plan. Circulation improvements under all hydrologic conditions, open and closed conditions, can greatly enhance water quality (Jones & Stokes, 2006, Moffatt & Nichol, 2005). The Western Arm of the Malibu Lagoon consists of Channel A, B, and C (Figure 8), located in the inner area of the lagoon. Therefore, the Western Arm area does not experience as much tidal flushing as the Main Channel, causing poor circulation. Hence, more construction work is proposed within this area. MLR&EP proposes combining the three channels (A, B, and C) to create a single channel that is responsible for the entrance and exit of water conveyed into and out of the west lagoon. Like MLR&EP, all of the lagoons restoration plans propose to increase water circulation to improve water quality (Table 5). This construction work will involve excavation, which initially was to start in June 2011. However, the MLR&EP is halted until summer of 2012 or beyond due to a lawsuit filed by the Wetlands Defense Fund, Access for All and the Coastal Law Enforcement Action Network recently. Opponents disagree with the proposed restoration effort because the project seemed overly mechanized and potentially could disrupt a remarkable assortment of plants, fish and seabirds (Barboza, T., 2010). 
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 Figure 8 – A map shows that Malibu Lagoon consists of the Main Channel, which has high tidal influence, and the Western Arm that consist of three Channels (A, B, and C), which is the inner part of the lagoon. Source: Final Malibu Lagoon Restoration and Enhancement Plan. (Moffatt & Nichol, 2005).


Excavation to open the lagoon mouth to provide continuous tidal flushing has been completed and has been used successfully in the Batiquitios Lagoon restoration project to provide good tidal circulation (Merkel & Associates, 2009), and is proposed for use in all lagoon restoration plans including Buena Vista Lagoon, San Dieguito Lagoon, Ballona Wetlands, and Colorado Lagoon (Table 5). Restoration effort of opening the lagoon mouth in Batiquitos Lagoon showed a huge improvement in water quality. After restoration, Batiquitos Lagoon showed an estimated of 75% reduction in Total Phosphorous concentration (Figure 5), up to 92% reduction in Chlorophyll a concentration (Figure 6), and increased Dissolved Oxygen level by approximately 65% (Figure 7). Opened inlet allows direct water exchange, which induces an increase of the water fluxes between the lagoon and the ocean. Therefore, changes in salinity and temperature will improve oxygen level in the lagoon (Magni, P., 2008).  On the other hand, closure of the lagoon mouth for extensive periods of time creates a variety of ecological problems including low dissolved oxygen and low salinities within the lagoon (Magni, P., 2008). To mitigate these problems, an enhancement project to maintain a lagoon mouth permanently open to tidal flushing has always been suggested and proposed to use in restoring a lagoon. However, concern has raised by local health authorities about such a project, due to potential health risk to recreational ocean users when lagoon waters are flowing into the ocean during the summer (Gersberg, R., 1995). An experimental opening of the mouth of Elijo Lagoon (San Diego County, California) by Gersberg, R.M., Matkovits, M., Dodge, D., McPhrson, T., and Boland, J. was conducted to evaluate the effect on microbial water quality of adjacent recreational ocean waters (Gersberg, R., 1995). Results showed that negative impact shown right after opening of the lagoon, and after any significant rain event. But with the remediation of the storm water before letting it drain to the basin, a permanent opening of the lagoon should have minimal adverse impact on water quality of nearshore recreational waters (Gerberg, R., 1995). 



The excavation/dredging method to improve water circulation has been used or approved for use in other Southern California coastal wetland restoration projects such as Batiquitos Lagoon, San Dieguito Lagoon, Anaheim Bay Mitigation Project and Bolsa Chica Wetlands Restorations and has met with success (Everest international Consultants, 2004). Most importantly, the success of the Batiquitos Lagoon and San Dieguito Lagoon restoration are the best reliable examples to show that this method is appropriate for use in restoring Malibu Lagoon, which implies that the use of excavation in Malibu Lagoon restoration is expected to achieve a high level of effectiveness after restoration.


One of the key components in the MLR&EP is to reconfigure the western edge of the main lagoon in a form of naturalize slope to allow the barrier berm to open and close naturally (Moffatt & Nichol, 2005). All lagoon restoration plans (Buena Vista Lagoon, Batiquitos Lagoon, Ballona Wetlands, Colorado Lagoon, and San Dieguito Lagoon) are proposed to construct a continuously open condition for the lagoon, but Malibu Lagoon will keep the natural condition of the lagoon to allow the lagoon mouth to open and close naturally. In order to do that, water circulation will be highly dependent on wind fetch generated during closed conditions. Both wind and tide is the key in controlling circulation in the lagoon (Magni, P., 2008, P.K. Mohanty & B.U.S Panda, 2009). Studies show that generating wind waves is significant in the shallow water, but the effect of waves becomes negligible at greater depths, except during storms (Chubarenko, I., 2010, Quillon, S., 2010). Yamano et al. (1998) showed that the effect of wind might be important in shallow lagoons subjected to wind event characterized by a sudden change in magnitude and direction (Coronado, C., 2007). Therefore, the effectiveness of utilizing wind wave generation to improve circulation in Malibu Lagoon during closed conditions is doubtful. Although existing results in wind waves observed up to 6 inches high (wind-driven currents that are able to blow floating objects such as fruit, kayakers) along the east shore in the late afternoon on a typical summer day (Moffatt & Nichol, 2004), trend analysis should be taken with caution when summers are very hot and sustain windless days. Despite the high level of success in Batiquitos Lagoon, the similar efforts in Malibu Lagoon might not expected to achieve the similar effectiveness when the Malibu Lagoon mouth is closed. 


3.4 Habitat Restoration Performance



Benthic impacts and shellfish harvesting advisory are one of the important in impairing beneficial uses of the Malibu lagoon. Therefore, an appropriate habitat design is needed to restore the lagoon system, which includes the consideration of elevations, slopes, and sediment characteristics. MLR&EP proposes to create a new avian island by considering a habitat design that will contain the least impact on the existing habitat. Four out of five lagoon restoration plans (San Dieguito Lagoon, Ballona Wetlands, Buena Vista Lagoon and Colorado Lagoon) consider the use of appropriate sediments and slopes for their habitat designs. Similar to MLR&EP, most of the lagoon restoration plans, such as Buena Vista Lagoon, San Dieguito Lagoon, Batiquitos Lagoon, and Ballona Wetlands, are developing the proper habitat conditions by reusing the suitable sediments and topsoil (Table 6). MLR&EP supports the natural recruitment and salvaged plant transplants to minimize the need for new plantings like other restoration plans in Buena Vista Lagoon, San Dieguito Lagoon, Ballona Wetlands, and Colorado Lagoon. MLR&EP proposes to maintain unvegetated habitat areas by removing the undesirable vegetations, such as non-native grassland, from mudflats, channels, exposed avian islands, beaches, and dunes (Table 6). 



Batiquitos Lagoon is one of the most successful restorations in Southern California, which has similar habitat restoration efforts as in the MLR&EP (Table 6). After restoration was completed in 1996, the mean water quality in Batiquitos Lagoon improved by at least 85% (Figure 5, 6 & 7), where most of the post-monitoring data detected were below and / or closed to the recommended values. The fish species abundance in the Batiquitos Lagoon increased by five factors and the bird communities increased by 10% (Merkel & Associates, 2009). Sensitive species such as California Least Tern increased by ten factors, and the Light-footed Clapper Rail expanded from 3 in 2001 to 19 in 2006 (Merkel & Associates, 2009).  The huge expansion in the Light-footed Clapper Rail growth in Batiquitos Lagoon contains the fifth largest population of Clapper Rails in California, and is one of the only three population found to be expanding during the most recent Clapper Rail surveys (Merkel & Associates, 2009).  A high level degree of success also occurred after restoring the habitat in the San Dieguito Lagoon. According to the Project spokeswoman, Kelly Sarber, 12 million baby fish were counted in the San Dieguito Lagoon seven months after it re-opened in 2008, where the bird species increased by three factors as well (Coronado, C., 2007). According to Kelly Sarber, the efforts in restoring the habitat in the San Dieguito lagoon expect the wetland to be fully vegetated two years after the completion of the construction in 2011 (Coronado, C., 2007). Since MLR&EP proposes very similar restoration efforts in improving the habitat conditions as in the Batiquitos Lagoon and the San Dieguito Lagoon (Table 6), Malibu Lagoon expects to achieve similar success after restoration. No post-restoration data is available for the Buena Vista Lagoon, Ballona Wetlands, and Colorado Lagoon as they are still undergoing the planning construction phase or are under review. However, all five of the lagoons including the Malibu Lagoon are implementing their habitat conditions using similar types of restoration efforts, so it is possible that similar effects will occur after restoration of the Malibu Lagoon. 


CHAPTER 4


Conclusion



The Malibu Lagoon Restoration & Enhancement Plan (MLR&EP) was studied in order to evaluate its effectiveness in restoring Malibu Lagoon. Phase I of the MLR&EP consisted of installation of permeable pavement and bio-swales to control and treat storm water runoff. The completion of Phase I showed a mean reduction of 98% in key pollutant loads and reduced approximately 75% runoff volume. Additionally, a study conducted in North Carolina found out that some sites with the installation of permeable pavement reduced annual runoff volume by at least 60%. In this case, Malibu Lagoon restored parking lot reduced a greater percentage of runoff volume; therefore, the Phase I restoration achieved a high level of effectiveness. 



The key restoration efforts proposed in the MLR&EP Phase II are improving water circulation through excavation and allowing the barrier berm to open and close naturally to increase tidal flushing. The excavation method was used in Batiquitos Lagoon, resulting in decreased TP, Chlorophyll a and increased DO concentrations from the maximum values to below or near the recommended values (up to an 85% improvement). Based on my analysis, utilizing the excavation method in the restoration of the MLR&EP Phase II is expected to be effective and appropriate to use. On the other hand, none of the lagoon restoration plans agreed on letting the lagoon mouth open and close naturally, all of them opened/propose to open the lagoon mouth continuously. Wind generation in a sustained hot summer day is an uncertain variable. Therefore, more research is needed in order to determine its effectiveness when the lagoon mouth is closed.   




Malibu Lagoon has habitat condition restoration efforts very similar to Batiquitos Lagoon and San Dieguito Lagoon. After restoration, Batiquitos Lagoon showed 10% increased in bird communities and five factors increased in fish abundance. San Dieguito resulted in three folds increased in bird species. Based on my analysis, Phase II of the MLR&EP is expected to be highly effective in restoring the habitat conditions of Malibu Lagoon. The restoration and creation of the nesting site is expected to increase avian and vertebrate diversity, as seen in Batiquitos Lagoon and San Dieguito Lagoon. Malibu Lagoon is expected to have desired vegetation after restoration due to the similar efforts performed (i.e., natural establishment and salvaged plant transplants) as proposed in Colorado Lagoon, Buena Vista Lagoon and Ballona Wetlands, as well as used successfully in Batiquitos Lagoon and San Dieguito Lagoon. 
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Appendix



Table 1. Comparison on the performance of the “old” parking lot (Malibu Pier parking lot) vs. the Malibu Lagoon restored parking lot. Source: MLRMP Baseline Conditions Report. (2NDNATURE, 2010).
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Table 2a. The objectives and restoration efforts of Buena Vista Lagoon.  Source: Buena Vista Lagoon Restoration Feasibility Analysis Final Report.



			Buena Vista Lagoon 





			Key Objective


			To improve circulation within the lagoon by improving tidal exchange between the lagoon and ocean.





			Restoration: Water Quality


			Restoration: Habitat





			To construct bioswales to improve the quality of local runoff before it enters the lagoon


			Dredge to remove excess sediment from upstream and coastal sources





			Widening the existing ocean outlet weir


			Excavation/dredging to subsequent disposal and reuse of soils 





			Establishment of continuous tidal exchange


			Elimination of the existing reeds





			Installation of one or two jetties to stable the ocean inlet/outlet


			Revegetation to maintain the target plant communities





			Open channel or culvert connection with the ocean


			Predator control and exotics removal








Table 2b. The objectives and restoration efforts of San Dieguito Lagoon. Source: San Dieguito Wetlands Restoration Project Final Restoration Plan.



			San Dieguito Lagoon 





			Key Objectives


			1) Improve, preserve, and create a variety of habitats to increase and maintain fish and wildlife and ensure protection of endangered species



2) Ensure adequate tidal and fluvial flushing and circulation to support a diversity of biological resources while maintaining the appearance of natural wetland ecosystem





			Restoration: Water Quality


			Restoration: Habitat





			Unpaved staging area/parking area to control runoff


			The dredged/excavated material (soil of suitable quality) will be used to replenish the local beaches and to construct nesting sites





			Installation of a freshwater runoff treatment ponds


			Place topsoil that was salvaged from the site in the upland disposal areas that will be revegetated





			Excavation will be done at the river mouth and within the inlet channel to provide ocean water exchange


			The topsoil from the project will be removed, stockpiled, and replaced to improve the conditions for revegetation at the proposed disposal sites





			Tidal inlet will be maintained in an open condition by shoal and scour naturally in response to river and tidal flows


			Natural recruitment of native vegetation





			


			A freshwater runoff treatment ponds to trap and allow for easy removal of invasive species





			


			Revegetation effort consist of applying native plant hydroseed mixes on prepared slopes








Table 2c. The objectives and restoration efforts of Batiquitos Lagoon. Source: Batiquitos Lagoon Long-term Biological Monitoring Program Final Report 2009.


			Batiquitos Lagoon





			Key Objective


			To enhance the system for wildlife habitat and to open the lagoon to tidal action while retaining migratory bird habitats to the greatest degree feasible





			Restoration: Water Quality


			Restoration: Habitat





			Dredge to open the lagoon mouth to reestablish continuous tidal flushing


			Dredge sand for use in beach replenishment and creation of tern colonies 





			Or restoring adequate tidal prism to maintain an open mouth and provide good tidal circulation


			To create a borrow pit in the central basin 





			


			Dredging to produce shallow subtidal and intertidal habitats





			


			To develop permanent nesting sites within the lagoon to support least tern use








Table 2d. The objectives and restoration efforts of Ballona Wetlands. Source: Ballona Wetlands Restoration Feasibility Report.


			Ballona Wetlands








			Key Objective


			To provide a healthy biotic habitat for the native species to recover and thrive, to improve freshwater circulation and water quality, and to maintain flood control





			Restoration: Water Quality


			Restoration: Habitat





			Permeable paving and integrated urban storm water BMPs


			To restore and create estuarine habitat to support wildlife and native species





			To improve tidal circulation through excavation


			Excavation/dredging to subsequent disposal and reuse of soils 








Table 2e. The objectives and restoration efforts of Colorado Lagoon. Source: Draft Environmental Impact Report—Colorado Lagoon Restoration Project. 


			Colorado Lagoon





			Key Objective


			To restore the site’s ecosystem, provide enhanced recreation facilities, and improve water and sediment quality while managing storm water





			Restoration: Water Quality


			Restoration: Habitat





			Development of a vegetated bioswale to treat discharge


			Recontouring of the side slopes would be done concurrently with sediment removal of the western arm and central lagoon areas





			Redirect or treat low flows from the storm drains to minimize contamination of water and sediment


			Native vegetation planting import and plant eelgrass in the lagoon





			Improve water quality by increasing the Lagoon’s circulation and enhancing the tidal connection with Marine Stadium


			Restore and maintain the estuarine habitats





			Improve water quality by removing contaminated sediments


			





			Create open channel to improve circulation and water quality in the lagoon
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Figure 1 – Mechanic concept of the permeable pavement. The permeable interlocking concrete pavements allow storm water to infiltrate through the gaps in the surface layer, and percolate through the coarse bedding material into the underlying soil and eventually the groundwater zone. Notes that Eco-Stone pavement is one type of stones that are manufactured by a company named Uni Eco-Stone. Source: Malibu Lagoon Restoration & Enhancement Plan. (Moffatt & Nichol, 2005).
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Figure 2 –The mechanic concept of bio-swales. The bio-swales work in the similar way as the permeable pavement. They allow pollutants from the parking lot to be filtered through the soil before draining into the lagoon. Source: Duvivier architects, 2010.
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